In the multi-functional and biodiverse cork oak landscapes of Iberia (Montado), agro-silvo-pastoral 30 practices promote landscape heterogeneity and create intricate habitat and resource availability 31 patterns. We used camera-traps to investigate the temporal and spatial organisation of a mesocarnivore 32 community in a Montado landscape in central Portugal. The target carnivore assemblage was largely 33 dominated by three generalist species -the red fox Vulpes vulpes, the European badger Meles meles 34 and the Egyptian mongoose Herpestes ichneumon -while remaining community members -the 35 common genet Genetta genetta and the feral cat Felis silvestris spp. -exhibited restricted 36 distributions. Interspecific differences in activity rhythms and habitat use were particularly marked 37 among widespread species. Low temporal overlap was reported between the diurnal mongoose and 38 predominantly nocturnal red fox and badger. For the latter two species, contrasting differences in 39 habitat use were associated with anthropogenic-induced environmental heterogeneity. Whereas the 40 red fox used more intensively Montado areas preserving dense shrubby understory and avoided semi-41 disturbed mosaics of sparse shrubs, the badgers displayed the opposite pattern. Our findings add to 42 previous evidence suggesting that the spatial structure created in highly managed landscapes, 43 particularly the diversity of resulting understory structures, promotes the abundance and spread of 44 generalist mesocarnivore species. These may benefit from the surplus of resource amount (e.g. prey) 45 and the creation of different human-made habitats conditions that provide particular combinations of 46 ecological resources favourable to each species requirements. We concur the common view that 47 maintaining understory heterogeneity in Montado landscapes, menaced by current intensification and 48 extensification trends, is important where carnivore persistence is a relevant conservation goal, but 49 alert for potential effects on carnivore assemblages structuring and impacts for specialist species less 50 tolerant to disturbance. 51
Introduction 57
Multifunctional landscapes across the Mediterranean basin harbour a great proportion of this 58 region's biodiversity (Cox and Underwood, 2011). Such biodiversity value is largely associated with 59 guided to the farmstead's marshy areas (called "Lezíria", c.a. 20 km North-east), with richer soils and 141 pastures, where they reside until late Summer. 142
The study area supports a diverse mesocarnivore community, including eight out of the ten 143 trapping stations were visited every 15 days for camera verification and battery/memory card 169 replacement. Sampling effort resulted in a total of 6,496 effective trap-days (average trap-days / 170 station =120, SD=11). 171 172
Diel activity patterns and temporal overlap 173
Date and time were recorded for each independent photograph. Capture times were converted 174 to solar time to facilitate ecological interpretation (Foster et al. 2013) . Each record was regarded as a 175 random sample belonging to an underlying distribution, describing capture probability as a function of 176 time of day. The correspondent probability density function of this distribution represents the activity 177 pattern and was estimated non-parametrically using a kernel density approach (Ridout and Linkie 178 2009). As a complement to estimated activity curves, we used Jacob's selectivity index (JSI, Jacobs 
Patterns of habitat use 192
We used N-mixture models (Royle 2004 , Royle et al. 2005 ) to infer habitat use patterns from 193 the relation between a set of environmental covariates and space-use estimates of each target species, 194 while accounting explicitly for variations in detectability, i.e. formally accommodating the imperfecthierarchical models that use spatio-temporal replicated count data to simultaneously model spatial 197 variation in abundance and detection error (see Methods [Royle 2004 , Royle et al. 2005 ). We 198 produced species-specific detection histories, using the number of independent captures over nine 199 consecutive 14-day sampling occasions, to generate the basic count matrix. The count n ij on trap i 200 (i=1,2,…,54) and occasion j (j=1,2,…,9) was given by the sum of random variables x dij representing 201 the number of independent captures on day d at trap i and occasion j, i.e. n ij = . Periods with 202 incomplete sampling days due to camera malfunction were assigned a "missing value (NA)" status, 203 albeit less than 0.05% of all sampling periods. We modelled spatial variation in "abundance" states (λ) 204 using the negative-binomial variant of the N-mixture model to better accommodate extra-Poisson 205 variation present in our data. 206
Habitat use patterns (habitat selection) manifest in distinct ways and are inherently dependent 207 on the scale of analysis. Since we sampled at a fine spatial scale while focusing on generalist species 208 capable of exploiting a variable habitat set, differential habitat preferences can occur as a function of 209 distinct levels of habitat use intensity; i.e. differences in the frequency of use of different habitats 210 between species spatially co-occurring across the landscape. Although parameterized originally to 211 represent local population size, λ does not need to be interpreted as abundance per se (Mackenzie et al. 212 2006) . Irrespectively of the number of individual animals generating the counts at each site, λ 213 estimates can be interpreted as a relative measure of intensity of habitat use for a given species. It is 214 possible to accommodate spatial variability in λ by modelling this surface as a function of 215 environmental covariates, allowing identifying the main predictors of a species' pattern of habitat use. 216
To make interspecific comparisons possible, despite the subjective nature of this measure, we adopted 217 a conservative approach focused on parameters influencing the estimates obtained rather than the 218 estimates themselves. 219 220
Environmental covariates 221
Literature-based ecological requirements of the target species were taken into consideration to 222 select a set of predictor variables of mesocarnivore patterns of habitat use. We divided covariates intothree categories: 1) HABITAT (land-cover features pertinent for refuge, resting and foraging); 2) 224 DISTURBANCE (relevant local sources of anthropogenic-derived pressure that may influence species 225 behaviour); 3) PREY (availability of key food resources) (see Table 1 for a full description). 226
Covariates were measured within a 325 m radius buffer around each camera-trap station to reflect 227 species preferences at the core-area level, considering the minimum mean core-area size described contained within the camera-traps buffer and for the survey time span (see Table 1 Covariate relationships were assessed by pairwise Spearman's correlation. For highly 261 correlated pairs (r>0.7) the less biologically meaningful variable was discarded to avoid 262 multicollinearity among predictor variables (Dormann et al., 2013). This led to the removal of small 263 mammal abundance predictor, highly correlated with PC1 (r>0.9) (Supp. Table 3) . 264 265
Modelling procedure 266
The modelling procedure followed a two-step approach. First, we assessed individual 267
HABITAT and DISTURBANCE covariates influence on detection probability while keeping λ 268 constant, i.e. λ(.), ρ(covariate). Second, the best-fitting detection model was kept fixed and combined 269 
]). 298
Despite sharing a negative preference for the daytime period, feral cat activity across remaining diel 299 cycle periods lacked any strong selection patterns (JSI's < 0.30), suggesting a cathemeral behaviour. 300
Regarding interspecific pairwise measures of activity overlap (Fig. 3) , low temporal overlap 301 was observed between the mongoose and all other species, as expressed by the low ∆1 values (range 302 ∆1=0.12-0.43). Among mesocarnivores exhibiting a pronounced nocturnal behaviour, ∆1 values 303 ranged from 0.67 (moderate overlap) to 0.91 (high overlap). Moderate temporal overlap was found 304 between badgers, the species with the strongest nocturnal habits, and the feral cat (∆1=0.67) and the 305 red fox (∆1=0.74), mesocarnivore species with crepuscular behaviour and some day time activity. All12 308
Patterns of habitat use 309
Goodness-of-fit tests for all species, except the badger, suggested the models fit the data 310 adequately (p-values > 0.1) and therefore AICc values were used. The global model of badger habitat 311 use revealed a significant lack of fit (p-value < 0.05) and a considerable degree of over-dispersion (ĉ = 312 1.97), hence QAICc was used for this species. 313
We identified "HABITAT" effects for the detectability of four species (Table 2, Supp. Table  314 5). Riparian vegetation cover was positively associated with detection probability of red foxes, 315 mongooses and genets. Badger detectability related to contrasts in understory cover between Montado 316 patches coded in the covariate PC2, being higher in Montado patches with absent understory. Feral cat 317 detection probability was negatively influenced by the presence of cattle in the vicinity of the camera-318
station. 319
Habitat use models for target mesocarnivore species revealed distinct interspecific habitat 320 preferences (Table 2, Supp. Table 5 ). HABITAT covariates were included in the most parsimonious 321 models for all species. Model-averaged estimates supported the contrasting effects of PC1 on foxes 322 and badgers, with estimates of fox habitat use intensity increasing with cover of Montado patches with 323 dense shrubby understory and decreasing in Montado areas with sparse shrubs, while the reverse was 324 found for badgers. Riparian vegetation cover was positively selected by both the red fox and the genet. 325
For the latter, cover of riparian stretches was the only suitable factor explaining this species habitat use 326 patterns, with a marginally well-supported effect. Landscape diversity had a well-supported influence 327 on two species, with badgers favouring homogeneous areas and mongooses preferring heterogeneous 328 sites. Although present in some of the most parsimonious models, the large SEs obtained for the 329 remaining HABITAT variables (i.e. PC2 and PC3) hindered the accurate assessment of these 330 predictors influence. Concerning prey variables, model-averaged estimates revealed a positive and 331 strong effect of local rabbit abundance on habitat usage intensity estimates of the red fox, mongoose 332 and feral cat. For the feral cat, rabbit abundance was the only suitable predictor. Finally, cattle 333 presence had a well-supported negative influence on habitat use intensity estimates of the red fox, 334
while not showing any relation with other species habitat preferences.
Discussion 337
Our results allowed the identification of spatio-temporal community organisation patterns, mediated 338 by interspecific differences in activity and habitat use among local mesocarnivores. The three most 339 widespread and dominant predators in the area -foxes, badgers and mongooses -exhibited distinct 340 preferences for the diel cycle periods, with moderate to low levels of temporal activity overlap, and 341 context of intraguild relationships may depend on species-specific strategies (e.g. diet and foraging 366 strategies) and do not necessarily translate responses to competitive interactions. 367
All mesocarnivore species exhibited unique combinations of environmental covariates driving 368 their patterns of habitat use, a fact suggesting that species-specific habitat preferences are spatially 369 structuring the local community. Nevertheless, rabbit abundance had a pervasive positive effect on the 370 spatial patterns of three species, the red fox, mongoose and feral cat. This corroborates the previously 371 described role of rabbits as the main prey species of mammalian predators in the Iberian Peninsula 372 Table 2 Click here to download Tables: Table 2 .docx 
